Neurological Section 83 illustration of those apparent difficulties to which he alluded, and which would probably become less the more the subject was thought over. With regard to the vast subject of tremors and their relation to nystagmus, Dr. Mercier had invited a discussion which he (the speaker). confessed he shrank from at that hour of the night; he would much rather see the subject dealt with on another occasion by Dr. Mercier himself. The observations on anesthetics were instructive; they were no doubt due to a differing susceptibility to the influence of the poison, putting first out of action some structures that act on the assumed muscle-reflex centre. Nystagmus which occurred only on voluntary movement was not present when a patient was unconscious, and he thought that, in general, nystagmus ceased when consciousness disappeared.
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By E. FARQUHAR BUZZARD, M.D.
You do not need to be remninded that, although spindles are found in the majority of skeletal muscles, from reptiles upwards, a statement is usually made to the effect that they are absent from the extrinsic muscles of the eyeball. This statement has not only been generally accepted, but it has also occasioned some surprise in view of the high degree of coordination to which ocular movements attain, and of the important sensory function with which these spindles are credited. So far as I have been able to ascertain Siemerling is the only observer who has described a spindle in an ocular muscle, an atrophied inferior rectus.
The fact that I am raising this question to-night for reconsideration is due more to accident than to design, as will shortly be explained, and I must plead guilty, before conviction, of bringing forward my work on the subject in a very incomplete condition. While examining a number of ocular muscles-in the course of an investigation into cases of myasthenia gravis, my attention was attracted to the occasional occurrence of structures resembling the spindles frequently seen in other parts of the body. I have recently been through my sections again, with additions to their number, and the results of this search are, if not conclusive, sufficiently interesting to stimulate further efforts in the same direction before it is finally decided that the ocular muscles lack sensory organs similar or analogous to those of other muscles.
In order to be as brief as possible I may divide my observations into two parts: (1) The very occasional presence of easily recognized musclespindles in ocular muscles, and (2) the possibility that there are modified forms of spindles in ocular muscles as a general rule.
(1) In the accompanying illustrations can be seen micro-photographs of portions of ocular muscles showing muscle spindles in transverse section (figs. 1 and 2). They can be traced through several serial sections; they present the onion-like capsule, the division by septa into compartments containing muscle fibres, nerves, blood-vessels and lymphatic spaces; in fact, they offer satisfactory evidence of being selfcontained structures similar to what we know as spindles in other muscles. It is inconceivable, as you will readily admit, that such (b) Photographs of the same spindle at levels a short distance from one another in an ocular muscle. N' is an extra-fusal nerve bundle which in (b) is being incorporated within the spindle sheath. N2 Intra-fusal nerve fibres. M Intra-fusal muscle fibres. L Lymphatic space.
Note the equality in size between the intra-and extra-fusal muscle fibres, and the thick sheath, with spindle-shaped nuclei.
appearances would have escaped the notice of observers searching for spindles if they were always to be found. Let me hasten to add, therefore, that they are, in my experience, extremely rare, and that in some scores of sections only one or two slides revealed their existence.
This rarity, which is demonstrated also by the fact that only one observer has described a similar case, is capable of explanation on two obvious lines. In the first place we might suppose that an occasional ocular muscle in an occasional individual contains muscle spindles, and that all other ocular muscles do not. In the second place it may be suggested that the specimens I have shown you constitute unusually well-developed spindles, modified forms of which are of more constant occurrence. The first hypothesis does not appeal to me in view of the importance which attaches to these sensory organs, and one hositates to suppose that Nature is partial in its distribution of them. A pretty theory might, indeed, be built up on this basis, explaining the difference between an individual with " a good eye," which is the popular term for denoting perfect coordination in the movements of the hand and eye, and an individual with " a poor eye," but it will not, I venture to assert, receive serious consideration. The second explanation deserves more attention, and its discussion brings us to the second part of my remarks.
(2) The Possibility that there are Modified Forms of Spindles in Ocular Muscles.-My researches on this point have not been exhaustive, but I should like to draw your attention to one or two points. Looking at an ordinary spindle ( fig. 3 ) in one of the limb muscles one is easily convinced that the features by which it is recognized in a transverse section are twofold. The first of these is the presence of a thick, laminated capsule which cuts it off from the surrounding muscle. The second is the round shape, the small diameter, and the separation of the intra-fusal muscle fibres, which contrast in a striking manner with the more densely packed polygonal-shaped fibres of the extra-fusal type.
Returning to our specimens of ocular muscles, only one of these features is of any distinguishing importance for purposes of attracting attention, and that is the existence of a definite capsule. The intrafusal fibres, on the other hand, do not differ either in shape or size from the normal ocular fibres in their immediate neighbourhood. If we assume for a moment that the spindles in ocular muscles do not always FIG. 3.
An ordinary spindle from a skeletal muscle. Note the thick sheath and the small and rounded intra-fusal muscle fibres, as compared with the large polygonal fibres around. wear well-defined and thick coats, the difficulty in finding them would receive an ample explanation. It might be suggested that the presence of nerve fibres in close proximity to the muscle fibres would help in distinguishing the spindles, but the extraordinarily rich nervous supply of these muscles is a sufficient answer to this criticism. In support of my assumption I venture to show photographs ( fig. 4 ) which exhibit an arrangement of muscle fibres and nerves within a delicate membrane, and which have suggested to my mind the possibility of muscle-spindles in ocular muscles not retaining the conspicuous characters we usually associate with those structures. The Sihler method of examining muscles for spindles would hardly be successful with those of the eyeball, owing to the richness of the nerve supply and the consequent abundance of connective tissue. On the other hand, the difficulty of determining the presence or absence of spindles in these muscles, with the exception of the few well-marked examples rarely met with, by ordinary methods can only be appreciated by those who have attempted the task.~~~~~~~~~~~~s 
DISCUSSION.
Dr. F. E. BATTEN said he was very much interested in the statement made by Dr,~Buzzard, who kindly showed him many of the sections when he was doing the work. The appearance of the bodies which the author showed him in -the eye muscles certainly suggested the appearance which one would expect in a muscle-spindle. But the great contrast in the musclespindle (if it was such), as seen in the eye, and that occurring in skeletal muscles was the difference in the sheath. Dr. Buzzard had described the sheath as comparatively extensive, but, as compared with the sheath in the skeletal muscles, it was very thin. The methods which had been adopted in most cases to find out the presence of muscle-spindles in the eyes had been methods of teasing out the ocular muscles. Anyone who had had experience in teasing out muscle-spindles knew how dependent one was on the thickness and staining of the sheath for their identification. And if the ocular muscle-jU-10A 87 spindles normally had a very thin sheath, it was readily understood how they could be missed. Certainly in a few ocular muscles which he examined by the teasing method he completely failed to find anything which he could regard as muscle-spindles. Other observers, in lower animals, had carried out their investigations on rather different lines, namely, by examining the form of the nerve termination within the spindle. It was well known that the nerve termination within the spindle was a very characteristic form-the typical spiral form-which he believed was found in no other situation. Observers who had worked at the nerve terminations of eye muscles had described two forms of nerve termination: one called a plaque, like a motor nerve termination, and another the " cluster." So far as he knew, nobody had yet found the typical spiral termination in the ocular muscles. Dr. Buzzard's specimens certainly looked like muscle-spindles. On the other hand, there were differences, and until there was further confirmation, by finding the distinctive end organs, one would hesitate to say that those organs necessarily were the sensory end organs in the ocular muscles. Dr. Buzzard referred to other observers who had found muscle-spindles in the eye, and mentioned Siemerling's paper. He (Dr. Batten) was inclined to doubt the accuracy of this observation, for he described certain muscle fibres surrounded by a stout connective tissue sheath. Westphal, in 1887, made a similar observation, but this was at a time when these bodies were regarded not as sense organs, but as a degenerate form of muscle.
Dr. BUZZARD, in reply, said he was glad to find that Dr. Batten was very much in agreement with him as to the doubt concerning the presence of sensory organs in the ocular muscles. He was interested in what Dr. Batten said about the sheath, because that was the most important thing. If the spindle sheath was not so well formed in ocular muscles, the fact that they had not been found-if they existed-was easily accounted for, and had some bearing on the difference between the two sets of spindles which he showed: those which had definite laminated sheaths and those having poor, ill-defined and thin sheaths.
